Background: A fixed 8-cycle oxaliplatin and capecitabine (XELOX) regimen has been the standard adjuvant therapy for patients with stage III colon cancer. However, completing the full-cycle of oxaliplatin is often associated with severe neurotoxicity. To spare patients from the toxic effects, without comprising the required efficacy, we evaluated the safety and efficacy of a modified XELOX (mXELOX) adjuvant chemotherapy regimen with 6 cycles of oxaliplatin and a full cycle of capecitabine.
Background
Colorectal cancer (CRC) is one of the most common cancers and a leading cause of cancer death worldwide [1] . Especially in China, it is an increasingly important obstacle to the gains in life expectancy [2, 3] . Approximately one-third of patients with colon cancer have regional lymph node involvement; stage III disease at diagnosis [3, 4] . Curative surgical resection followed by adjuvant chemotherapy has been well-established and widely proposed as a standard clinical practice for patients with resected stage III colon cancer [5, 6] . Since the publication of the results of the Multicenter International Study of Oxaliplatin/5-fluorouracil/Leucovorin in the Adjuvant Treatment of Colon Cancer (MOSAIC) trial confirmed that adjuvant treatment with oxaliplatin plus 5-fluorouracil could improve the 5-year disease-free survival (DFS) rate and 6-year overall survival (OS) rate of stage III colon cancer patients by 7.5% and 4.2%, respectively [7, 8] , oxaliplatin-based chemotherapy has been recommended as the standard postoperative treatment for these patients. Moreover, previous guidelines have suggested that the administration of a fixed 6-month oxaliplatin-based adjuvant chemotherapy for all the patients with stage III colon cancer, regardless of their risk stratifications [5, 9] . Therefore, adjuvant chemotherapy of stage III colon cancer was recognized as a unified treatment pattern.
In fact, not all patients benefit from oxaliplatincontaining adjuvant chemotherapy. As we previously reported, 20%-30% of these patients ultimately develop postoperative metastases [10, 11] . In addition, adjuvant treatment, especially with regimens containing oxaliplatin, is associated with considerable toxicity, especially chemotherapy-induced peripheral neuropathy. As a result, approximately 50% of patients fail to finish the planned therapy dose due to severe toxicity [12] . Therefore, an abbreviated duration of oxaliplatin-containing adjuvant therapy may be a feasible way to avoid or reduce the toxicities in some patients without impairing their oncologic outcomes. Recently, the International Duration Evaluation of Adjuvant Therapy (IDEA) trial compared the non-inferiority of stage III colon cancer patients receiving oxaliplatin-containing adjuvant therapy for 3 and 6 months [13] . Although the non-inferiority of 3-months treatment versus 6-months was not confirmed in the overall study population, the XELOX regimen showed more efficient in that the non-inferiority of the shorter duration was confirmed for XELOX but not for FOLFOX regimen. These findings revealed that the XELOX regimen may be a unique but not equivalent chemotherapy to FOLFOX for treating stage III colon cancer. Further analyses of IDEA trail indicated that the 3-month XELOX adjuvant chemotherapy appeared to be sufficient for low-risk patients. Accordingly, the most recent National Comprehensive Cancer Network (NCCN) guidelines recommend a 3 month XELOX adjuvant chemotherapy regimen for treating low-risk patients [14] . However the actual oncologic benefits gained from the 6-month XELOX adjuvant chemotherapy have not yet been conclusively established for high-risk patients.
Acceptable toxicities and compliance were observed in the patients with stage III colon cancer when administered eight courses of capecitabine with a dose of 1250 mg/m 2 orally, twice daily, on days 1-14, every 21 days [15, 16] . Enlightened by the results of the IDEA trial, we hypothesized that a modified XELOX (mXELOX) adjuvant chemotherapy with 6 cycles of oxaliplatin and a full cycle of capecitabine might have comparable efficacy with acceptable toxicities compared with the 6-month standard XELOX adjuvant chemotherapy regimen for patients with stage III colon cancer, particularly in the high-risk subgroup. However, few studies have assessed the clinical efficacy of mXELOX adjuvant chemotherapy in patients with stage III colon cancer. Herein, the present study aimed to evaluate the survival benefit and safety of mXELOX adjuvant chemotherapy in operated stage III colon cancer patients and to further identify the subgroup that may potentially benefit from mXELOX adjuvant chemotherapy.
Patients and methods

Patient selection
The medical records of 450 consecutive patients were reviewed. All patients were diagnosed with stage III colon cancer and underwent tumor resection followed by adjuvant chemotherapy between November 2007 and April 2015 at Sun Yat-sen University Cancer Center (Guangzhou, China). All cases were staged according to the 8th edition American Joint Committee on Cancer (AJCC) staging system. The inclusion criteria were as follows: (1) histologically confirmed colorectal adenocarcinoma; (2) underwent curative resection of colon tumor; (3) received adjuvant chemotherapy with XELOX regimen (oxaliplatin 130 mg/m 2 administered intravenously on day 1 and capecitabine 1000 mg/m 2 administered orally twice daily on days 1-14 for a 3-week cycle); (4) had complete record of the whole treatment; (5) did not received anticancer therapy before tumor resection; and (6) underwent at least a 6-month follow-up after the delivery of the first cycle chemotherapy. The patient demographics, tumor characteristics, and adjuvant chemotherapy cycles were carefully reviewed. The present study was performed according to the ethical standards of the World Medical Association Declaration of Helsinki and was approved by the Institutional Review Board and Independent Ethics Committees of Sun Yat-sen University Cancer Center.
The informed consent requirement was waived based on the nature of this retrospective study, in which patient data were kept confidential.
Definition and measurements
The recommended XELOX adjuvant chemotherapy started 3-6 weeks after curative surgery. If a patient could not tolerate the full dose or suffered from severe toxic effects, the chemotherapy was stopped. According to the different cycles of the XELOX adjuvant chemotherapy performed, patients were divided into the modified, standard, and unfinished XELOX subgroups. mXELOX was defined as 6 cycles of the XELOX regimen plus 2 subsequent cycles of capecitabine alone, which consisted 6-cycle of oxaliplatin and 8-cycle of capecitabine. Standard XELOX referred to the XELOX regimen which completed the entire 8 cycles (8-cycle of oxaliplatin and 8-cycle of capecitabine). Unfinished XELOX was the adjuvant chemotherapy with no more than 6 cycles of XELOX, which consists of 6 or fewer cycles of oxaliplatin or capecitabine use. Some patients failed to finish the complete the planned cycle or the treatment mainly contributing to the severe toxicity of the adjuvant chemotherapy or poor compliance to the subsequent cycle of therapy. Right-sided colon cancer included the cecum, ascending colon, hepatic flexure, and transverse colon cancer, whereas left-sided colon cancer included the splenic flexure, descending colon, and sigmoid colon cancer. Pathological assessments and staging of the resected specimens were confirmed according to tumor-nodemetastasis (TNM) classification by two independent pathologists. Patients with a combination of T1-3 and N1 disease were classified into the low-risk group, while patients with T4 or N2 disease were classified into the high-risk group. The intensity of the adverse events during chemotherapy was graded according to the National Cancer Institute Common Terminology Criteria for Adverse Events (NCI CTCAE), version 4.0. A complete laboratory assessment was performed before each treatment cycle (2 or 3 days before each cycle).
Follow-up
The primary endpoint was DFS, and the secondary endpoint was OS. DFS was defined as the interval from surgery to disease recurrence, death, or the last follow-up. OS was defined as the interval from the date of surgery until death of any cause or the last follow-up. Patients without any event (metastasis or death) at the last followup date were regarded as random censoring. All patients were observed through subsequent visits every 3 months for 2 years and then semiannually until 3 years after surgery. Physical examination, blood tests of carcinoembryonic antigen (CEA) and carbohydrate antigen 19-9 (CA19-9) levels, abdominal ultrasonography, and chest X-ray were conducted every 3 months postoperatively. Chest/abdominal/pelvic computed tomography (CT) and colonoscopy were performed annually. If abnormality in CEA or CT were found, a abdominal/pelvic magnetic resonance imaging (MRI) or positron emission tomography/computed tomography (PET-CT) would be performed for further tumor detection. The last follow-up visit was in April 2018.
Statistical analysis
All statistical analyses were performed using IBM SPSS statistics software, version 21.0 (IBM Corp., Armonk, NY, USA). Categorical variables are given as percentages and were compared using the Chi square or Fisher's exact test when appropriate. The OS and DFS rates were estimated with the Kaplan-Meier method, and the differences between groups were then assessed with the log-rank test. Parameters for which P < 0.05 in the univariate Cox models were further assessed in multivariate Cox models. Hazard ratios (HRs) and 95% confidence intervals (CIs) were subsequently calculated. All of the statistical tests were two-sided. P < 0.05 was considered significant.
Results
Patient characteristics
Among the 450 patients, 120 patients were excluded for the following reasons: treatment with other regimens of adjuvant chemotherapy (n = 91), follow-up < 3 months (n = 11) and incomplete tumor resection (n = 18). Overall, 330 eligible patients were identified for analysis in the present study. Their demographic features and clinicopathological characteristics are summarized in Table 1 . Of the 330 patients, 189 (57.3%) were males, and 141 (42.7%) were females, with a median age of 55 years (range, 19-85 years). Regarding tumor location, 131 (39.7%) patients presented with right-sided colon cancer, whereas 199 (60.3%) patients had left-sided colon cancer. The median number of resected lymph nodes was 15 (range, 2-63). With respect to risk stratification, 131 (39.7%) patients were identified as low-risk patients, while 199 (60.3%) patients were diagnosed as high-risk patients. In total, 5 (1.5%) patients experienced postoperative complications, including 3 (0.9%) with intestinal obstruction, 1 (0.3%) with anastomotic leakage, and 1 (0.3%) with incision infection. Among the 330 investigated patients, 84 (25.5%) received mXELOX adjuvant chemotherapy, 126 (38.2%) received standard XELOX adjuvant chemotherapy, and 120 (36.4%) received unfinished XELOX adjuvant chemotherapy. Among the 120 patients who received unfinished XELOX adjuvant chemotherapy, 14 (11.7%) had 1 cycle, 16 (13.3%) had 2 cycles, 11 (9.2%) had 3 cycles, 15 (12.5%) had 4 cycles, 15 (12.5%) had 5 cycles, and 49 (40.8%) had 6 cycles of XELOX adjuvant chemotherapy.
Clinicopathological features of patients treated with different XELOX chemotherapy regimens
As shown in Table 2 , a higher T4 proportion was more common in the mXELOX group than that in the standard XELOX group (71.4% vs. 37.3%; P < 0.001) and unfinished XELOX group (71.4% vs. 42.5%; P < 0.001). Patients in the mXELOX group were more likely to be stratified as high-risk patients than those in the standard XELOX group (75.0% vs. 54.0%; P = 0.002) and unfinished XELOX group (75.0% vs. 56.7%; P = 0.008). There were no significant differences observed regarding age, gender, body mass index (BMI), tumor size, tumor location, tumor differentiation, N stage, number of resected lymph nodes, preoperative serum CEA level, or preoperative serum CA19-9 level.
Adverse events
The major adverse events during adjuvant chemotherapy with mXELOX and standard XELOX are presented in Table 3 . No patients suffering from grade 3/4 adverse event were hospitalized for treatment. Compared with the mXELOX group, the standard XELOX group showed a higher total incidence of neurotoxicity (76.2% vs. 39.3%, P < 0.001), especially grade 1 (48.4% vs. 23.8%, P < 0.001) and grade 2 neurotoxicity (24.6% vs. 13.1%, P = 0.041). Additionally, the standard XELOX group had a higher total occurrence rate of leucopenia (69.8% vs. 53.6%, P = 0.017) and thrombocytopenia (56.3% vs. 38.1%, P = 0.011) than the mXELOX group. However, there were no significant differences in the occurrence rates of nausea and vomiting, diarrhea, hand-foot syndrome, and hepatic disorder between the two groups. The major adverse events in the unfinished XELOX group were neurotoxicity (n = 48, 40.0%) and leucopenia (n = 47, 39.1%).
Survival analysis
The median follow-up period for all patients was 60 months (range, 8-115 months). Seventy-two (21.8%) patients experienced tumor metastasis, while 40 (12.1%) patients ultimately died of tumor progression. The 3-year DFS and OS rates for the entire study population were 84.0% and 92.3%. As shown in Table 4 , the total postoperative metastasis rate was significantly higher in the unfinished XELOX group than in the mXELOX group (29.2% vs. 16.7%, P = 0.046). In addition, abdominopelvic metastasis was more common in the unfinished XELOX group than in the mXELOX group (11.7% vs. 2.4%, P = 0.017). However, the incidence of total postoperative metastasis, liver metastasis, lung metastasis, and abdominopelvic metastasis were comparable between the standard XELOX group and the mXELOX group. The 3-year DFS and OS rates were significantly lower in the unfinished XELOX group than in the mXELOX group (DFS, 78.9% vs. 89.2%, P = 0.043, Fig. 1a ; OS, 88.2% vs. 97.6%, P = 0.007, Fig. 1b ). There were no significant differences in the 3-year DFS or OS rates between the standard XELOX and mXELOX groups (DFS, 86.3% vs. 89.2%, P = 0.838, Fig. 1c ; OS, 92.7% vs. 97.6%, P = 0.227, Fig. 1d ). 
Prognostic analysis of clinical factors
As shown in Table 5 , univariate analysis revealed that age more than 60 years (HR, 1.702; 95% CI 1.057-2.702; P = 0.026), male sex (HR, 1.891; 95% CI 1.132-3.159; P = 0.015), high preoperative CEA level (HR, 1.721; 95% CI 1.072-2.760; P = 0.024), high preoperative CA19-9 level (HR, 2.674; 95% CI 1.667-4.288; P < 0.001) and unfinished XELOX regimens (HR, 1.668; 95% CI 1.010-3.057; P = 0.043) were significant risk factors for 3-year DFS. In addition, T4 tumor, high-risk stratification, unfinished XELOX regimen, and high preoperative CA19-9 level were significant risk factors for the 3-year OS. In multivariable analysis, male sex (HR, 2.322; 95% CI 1.201-4.492; P = 0.012) and high preoperative CA19-9 level (HR, 3.089; 95% CI 1.654-5.770; P < 0.001) were identified as independent negative predictors of 3-year DFS, whereas unfinished XELOX adjuvant chemotherapy (HR, 3.869; 95% CI 1.515-9.880; P = 0.005) was identified as an independent negative predictor of 3-year OS ( Table 6 ). Comparisons of the 3-year DFS and OS rates between the mXELOX and unfinished XELOX groups stratified by T stage, N stage and risk stratification are shown in Fig. 2 . The oncologic benefits of the mXELOX regimen were especially noticeable for patients with T4 tumors (3-year DFS: HR, 2.184; 95% CI 1.051-4.540; P = 0.036; Fig. 2a ; 3-year OS: HR, 4.529; 95% CI 1.245-16.479; P = 0.022; Fig. 2b ) and for high-risk patients (3- year DFS: HR, 1.962; 95% CI 0.964-3.993; P = 0.044; Fig. 2a ; 3-year OS: HR, 4.193; 95% CI 1.182-14.874; P = 0.026; Fig. 2b ).
Discussion
In this retrospective study, we investigated the effects of mXELOX adjuvant chemotherapy on prognostic efficacy and safety by comparing standard XELOX and unfinished XELOX adjuvant chemotherapy regimens among operated stage III colon cancer patients. Herein, we found that the 3-year DFS and OS rates were better in the mXELOX group than those in the unfinished XELOX group. As expected, the 3-year survival rate of the mXELOX group was comparable to that of the standard XELOX group, with acceptable safety. The results provided the first evidence supporting the administration of the mXELOX adjuvant chemotherapy regimen for stage III colon cancer patients. The benefit of oxaliplatin-containing adjuvant chemotherapy has been clearly proven for patients with stage III colon cancer and may eradicate micrometastases after surgical resection, reducing the likelihood of disease recurrence and potentially increasing the curative rates postoperatively [17] . However, a long duration of oxaliplatin treatment causes cumulative toxic effects, especially neurotoxicity, which is the single main doselimiting factor in the treatment of colorectal cancer [18, 19] . According to the MOSAIC trial, the incidence of grade 3 acute peripheral sensory neurotoxicity among oxaliplatin-treated patients was 12%, and a similar proportion of patients developed chronic peripheral neurotoxicity that unpredictably may last for years [20] . Such toxic effects can potentially affect patients' activities of daily living for the rest of their lives [21] . The IDEA study showed that a shorter duration of oxaliplatin-based adjuvant therapy resulted in a significantly lower incidence and severity of adverse events, including neurotoxicity, hand-foot syndrome, mucositis, nausea, fatigue, and diarrhea [13] . Similar to that of the IDEA study, the data of our study showed that a 2-cycle shorter duration of oxaliplatin treatment in the mXELOX regimen presented a significantly lower incidence and severity of adverse events, especially neurotoxicity but also hematological side effects, such as leucopenia and thrombocytopenia. We considered that a shorter duration of oxaliplatinbased chemotherapy resulted in the advantages of safety control and life quality improvement. Survival data from this study revealed that no more than 6 cycles of adjuvant chemotherapy presented a higher rate of total postoperative metastasis, resulting in a worse 3-year DFS and OS than those undergoing the 8 cycles of adjuvant chemotherapy. In addition, unfinished XELOX was identified as an independent negative risk factor for 3-year OS. Similarly, population-based studies have confirmed that compared with the early termination of adjuvant therapy, the completion of planned adjuvant therapy is associated with lower overall and colon cancer-specific mortality rates, a 45% reduction in the risk of recurrence and a 51% reduction in mortality [22, 23] . In the current study, the cut-off for oxaliplatin-based treatment completion was set at 6 cycles; accordingly, we considered addition of 2 cycle of capecitabine or XELOX regimen to 6 cycles of oxaliplatin-based adjuvant chemotherapy was necessary for disease control.
On the other hand, we scheduled mXELOX chemotherapy with 8 cycles of capecitabine to complement the full cycle of adjuvant chemotherapy under lower subsequent toxicities. To our interest, mXELOX chemotherapy obtained comparable 3-year DFS and OS rates to those following a standard full XELOX chemotherapy regimen, and the mXELOX regimen showed a superior survival outcome than did the unfinished XELOX regimen. This result is in line with that from a previous study showing that patients treated with capecitabine monotherapy who completed 6-8 cycles of capecitabine monotherapy had better cancer-specific survival than did those who received 1-5 cycles of the treatment [24] . In the current study, approximately two-thirds of patients received 8 cycles of capecitabine with a low incidence (4%) of grade 3-4 hand-foot syndrome. An observational study of adjuvant therapy with capecitabine in patients with colon cancer also reported that six or more cycles of treatment were completed by 77.9% of patients [25] . Oral capecitabine is well tolerated by the patients, and the high rate of compliance to treatment may be attributed to the completion of drug delivery. Accordingly, we recommend the completion of oral capecitabine, which can confer to improve survival benefit with controllable toxicities, in patients with stage III colon cancer.
Our exploratory analysis further indicated that mXELOX adjuvant chemotherapy was more beneficial in the high-risk group. In general, patients with advanced disease were more likely to suffer from aggressive tumors, a high tumor burden, and aggravated immunosuppression [9, 26] . In this condition, the long treatment and full cycle of chemotherapy might be appropriate for highrisk patients. For the low-risk group, 3-month duration of XELOX adjuvant chemotherapy was sufficient due to the noninferiority of DFS compared with the DFS following 6-month adjuvant chemotherapy [13] . Therefore, our data also warrant a division of stage III colon cancer patients into low-risk and high-risk groups to reduce overtreatment and allow more individual treatment for stage III colon cancer.
Several limitations should be acknowledged in the present study. First, this retrospective study included an uncontrolled methodology and a limited number of patients from a single cohort. Although our study initially indicated the potential clinical efficacy of mXELOX adjuvant chemotherapy, the findings need to be validated in a prospective, multicenter clinical trial with a large population in the future. Second, the short follow-up duration was insufficient for 50.9% patients to evaluate 5-year survival outcomes, which may have led to an misestimation of the effect of mXELOX adjuvant chemotherapy on OS. In the current study, the identification of risk stratification depended only on the TNM stage, which may not represent an optimal prognostic tool for tailoring adjuvant treatment in a comprehensive transversal approach. Additionally, tumor molecular markers, such as microsatellite status, CpG island methylator phenotype (CIMP) status, BRAF mutations, and KRAS mutations as well as tumor immune infiltration have been linked to different recurrence risks and survival outcomes in patients with stage III colon cancer [27, 28] . Thus, it is necessary to include pathological, immunological and molecular prognostic markers for risk stratification in further studies.
Conclusion
Compared to the standard 8-cycle XELOX chemotherapy, mXELOX adjuvant chemotherapy presented a comparable survival benefit and lower incidence rates of neurotoxicity and hematological toxicity. Moreover, mXELOX had a superior 3-year survival outcome than unfinished XELOX adjuvant chemotherapy, especially in high-risk patients. These data suggest that mXELOX adjuvant chemotherapy could serve as an alternative 
